Background We conducted a large national survey in the Kingdom of Saudi Arabia in 2013. We report on the health status of Saudi women and their health challenges.
Introduction
The rapid rise of non-communicable diseases (NCDs) represents one of the major global health challenges we face today. 1 NCDs result in high healthcare costs and loss of productivity, which puts a huge toll on society and its health systems. 2 According to the Global Burden of Disease 2010 (GBD 2010) study, the incidence and prevalence of chronic conditions are increasing among high-income countries in the Arab world, including Gulf countries. 3 We can observe, over the last two decades, that the burden of disease has shifted from infectious diseases to NCDs in the Kingdom of Saudi Arabia (KSA), where diabetes, obesity, high blood pressure, cancers and cardiovascular diseases pose a major challenge in the Kingdom even with its wealth and resources.
The KSA has made tremendous improvements in its healthcare system, which has in turn improved the health status of Saudi citizens, especially women.
5, 6 From 1990 through 2013, maternal mortality ratios declined from 15.7 to 7.0 per 100 000 live births, in addition to the increase in life expectancy of women from 74.7 to 80.8. 7, 8 However, women are living longer but often in poor health due to the burden of NCDs. In 2010, some of the leading causes of disabilityadjusted life years (DALYs) were diabetes (5.1% of total DALYs) and ischemic heart disease (4.5% of total DALYS), not to mention the fact that ischemic heart disease was the number-one cause of death among Saudi women. 4 Furthermore, elevated body mass index (BMI), high glucose levels, dietary risks, elevated blood pressure and physical inactivity were the first-, second-, third-, fourth-and fifthleading risk factors attributable to DALYs among women (4.63.3, 3.0, 2.64 and 1.8%, respectively). 4 In order to assess the current status of health among adults and the burden of NCDs in KSA, we conducted a large national survey in 2013. We have previously reported the general findings of the survey through different manuscripts and our findings have shown large disparities between men and women at almost every level. 9 -14 Hence, in this manuscript, we specifically report on the health status of Saudi women through the prevalence and predictors of chronic conditions as well as their use of preventive healthcare.
Methods
The Saudi Health Interview Survey is a national multistage survey of individuals aged 15 years or older. Households of Saudi citizens were randomly selected from a national sampling frame maintained and updated by the Census Bureau. The Ministry of Health divides KSA into 13 health regions, each with its own health department. We divided each region into subregions and blocks commonly used by the KSA Department of Statistics. All regions were included, and a probability proportional to size was used to randomly select subregions and blocks. Households were randomly selected from each block. Moreover, the total sample size accounted for a confidence level of 95%, with a margin of error 0.05, a baseline level indicator of 0.5, 10 strata of sex and age groups, and a design effect of 1.5 and a response rate of 85% (from previous national surveys conducted in KSA). The survey was conducted between April and June 2013.
A roster of household members was collected, and an adult aged 15 or older was randomly selected to be surveyed. If the randomly selected adult was not present, our surveyors made an appointment to return, and a total of three visits were made before the household was considered a nonresponse. A total of 12 000 households were contacted and a total of 10 735 participants completed the Saudi Health Interview Survey (response rate of 89.4%). Among respondents, 5482 were women and were included in this analysis. Of these women, only 3014 completed the clinical tests (response rate of 53.9% from the total number of women in the study).
The survey included questions on socio-demographic characteristics, tobacco consumption, diet, physical activity, healthcare utilization, different health-related behaviors and self-reported chronic conditions. These conditions included pre-diabetes, diabetes, hypercholesterolemia and hypertension. Weight, height and blood pressure of the randomly selected adult were measured at the household by a trained professional. In total, 5413, 5277 and 5401 women had their height, weight and blood pressure measured. The survey was conducted using computer-assisted personal interviewing and rigorous data monitoring.
Respondents who completed the questionnaire were invited to local primary healthcare clinics to provide a blood sample for laboratory analysis. All blood samples were analyzed in a central lab at the King Fahd Medical City in Riyadh. COBAS INTEGRA400 plus was used to measure blood levels of HbA1c, or glycated hemoglobin.
We followed the Center for Disease Control and Prevention as well as the American Diabetes Association for determining diabetes status. 15, 16 Respondents were considered to be diabetic if they met any of the following: (i) measured HbA1c equals or exceeds 6.5% (48.5 mmol/mol), or (ii) measured HbA1c does not equal or exceed 6.5% (48.5 mmol/mol), but the respondent reported taking medications for diabetes. Respondents were considered to have borderline diabetes if: they did not report taking drugs for diabetes, and their measured HbA1c blood level was between 5.7% (35.3 mmol/mol) and ,6.5% (48.5 mmol/mol). In parallel, respondents were considered to be hypercholesterolemic if they met any of the following criteria: (i) measured cholesterol equal to or exceeding 6.2 mmol/l, or (ii) measured cholesterol not exceeding 6.2 mmol/l, but the respondent reported taking medications for hypercholesterolemia. Respondents were considered to have borderline hypercholesterolemia if: (i) they did not report taking drugs for hypercholesterolemia, and their measured blood cholesterol level was between 5.18 and 6.2 mmol/l.
A total of three blood pressure measurements were taken with the participant resting and at 5 min intervals. We followed the National Health and Nutrition Examination Survey (NHANES) guidelines for determining blood pressure levels. 17 Basically, respondents were considered to have hypertension if they met any of the following criteria: (i) measured diastolic or systolic blood pressure exceeding 89 or 139 mmHg, respectively, or (ii) measured diastolic or systolic blood pressure not exceeding the appropriate threshold, but the respondent reported taking medications for hypertension. Hence, respondents who were on drugs for hypertension were considered hypertensive even if their measured diastolic or systolic blood pressure did not exceed 89 or 139 mmHg, respectively. Respondents were considered to have borderline hypertension if: (i) they did not report taking drugs for hypertension, and their measured diastolic blood pressure was between 80 and 89 mmHg or systolic blood pressure was between 120 and 139 mmHg.
To quantify diagnosed diabetics, and hypercholesterolemic, and hypertensive individuals, respondents were asked three separate questions: 'Have you ever been told by a doctor, nurse, or other health professional that you had (i) diabetes mellitus, otherwise known as diabetes, sugar diabetes, high blood glucose, or high blood sugar; (ii) hypercholesterolemia, otherwise known as high or abnormal blood cholesterol; (iii) hypertension, otherwise known as high blood pressure?' Women diagnosed with diabetes or hypertension during pregnancy were not counted as having these conditions. Similarly, the same types of questions were used to determine previous diagnosis of stroke, myocardial infarction, atrial fibrillation, cardiac arrest, congestive heart failure, chronic obstructive pulmonary disease, asthma, renal failure and cancer. We considered a person to be diagnosed with a chronic condition if they reported being diagnosed with any of these conditions. We used measured weight and height to calculate BMI as weight (kg)/height 2 (m 2 ). Participants were classified into four groups: (i) underweight, BMI , 18.5; (ii) normal weight, BMI within 18.5 -24.9; (iii) overweight, BMI within 25.0 -29.9; or (iv) obese, BMI of 30.0 or greater. Smoking status was defined as current smokers, if the respondents reported that they are currently smoking tobacco, and past smokers if they reported smoking in the past but not anymore. Consumption of fruits and vegetables was measured using a dietary frequency questionnaire. Daily fruits consumption was assessed by asking the following two questions: 'In a typical week, on how many days do you eat fruit? Please include fresh, frozen, or canned fruit, for example, figs, grapes, oranges, bananas, or apples. Do not include juices, blended fruits, or dried fruits' and 'How many servings of fruit do you eat on one of those days?' Daily fruit juices consumption was assessed by asking the following two questions: 'In a typical week, on how many days do you drink 100% fruit juices, including blended fruits? Do not include nectars' and 'How many servings of 100% fruit juices do you drink on one of those days?' Daily vegetables consumption was assessed by asking the following two questions: 'In a typical week, on how many days do you eat vegetables? Please include raw, cooked, canned, or frozen vegetables. Please do not include rice, potatoes, or cooked dried beans such as kidney beans, pinto beans, or lentils' and 'How many servings of vegetables do you eat on one of those days?' We then computed the numbers of fruits and vegetables consumed per day as the sum of the average daily consumption of fruits, fruit juices and vegetables. We computed the servings of fruits and vegetables consumed per day from the detailed dietary questionnaire as the sum of the average daily consumption of fruits, fruit juices and vegetables. We used the International Physical Activity Questionnaire to classify respondents into four groups of physical activity: (i) met vigorous physical activity, (ii) met moderate physical activity, (iii) insufficient physical activity to meet vigorous or moderate levels and (iv) no physical activity. 18 To assess adherence to mammography guidelines, women were asked, 'If you have ever had a mammography, in what year did you last have a mammography? A mammography is a screening test for breast tumors and cancers using a special type of x-ray'.
To calculate time since last routine medical exam, participants were asked, 'In what year did you last visit a doctor or other health professional for a routine checkup? A routine checkup is a general physical exam, not an exam for a specific injury, illness, or condition'.
Two sets of sample weighting were generated and incorporated into the data set for analysis and extrapolation to the Saudi population. First, we created an individual weight for all respondents to account for (i) the probability of selection of an eligible respondent within a household, (ii) the probability of selection of the household within a stratum, and (iii) the post-stratification differences in age and sex distribution between the sample and the Saudi population. For individuals who completed the lab-based blood analysis, we computed an additional weight used in analyzing data from clinic visits to account for (i) the individual weight described above, (ii) the probability of visiting a clinic, (iii) socio-demographic, behavioral and health differences between respondents who visited the clinic and those who did not and (iv) the post-stratification differences in age and sex distribution between the respondents who visited the clinic and the general Saudi population. We used these weights to produce weighted estimates and percentages at the national level.
We used a backward elimination multivariate logistic regression model to measure association between outcome variables and all associated factors through the 'PROC SURVEYLOGITIC' in SAS. All factors were first included in the models except for smoking status, given the low number of smokers among Saudi women. Then variables were eliminated based on a Wald x 2 test for analysis of effect. Variables were removed one by one based on the significance level of their effect on the model, starting with the variable with the highest P . 0.5, until all variables kept had a P 0.5 in the analysis of effect. We used SAS 9.2 (SAS Institute Inc., Cary, NC, USA) for analyses and to account for weights and the complex sampling design.
Ethics statement
The Saudi Ministry of Health and its Institutional Review Board (IRB) have approved the study protocol. The University of Washington IRB has deemed the study as IRB exempt since The Institute for Health Metrics and Evaluation received de-identified data for these analyses. All respondents consented and agreed to participate in the study. We used verbal consent that was captured by our computer program since it is commonly used and accepted in KSA. Two verbal consents were obtained: one for the household roster (obtained from the head of the household or the most knowledgeable person in the house) and another obtained from the randomly selected respondent. If the randomly selected respondent was between the ages of 15-17 years old, then the parent(s) or legal guardian of that individual consented on their behalf to participate in the study. The KSA Ministry of Health and the University of Washington IRB approved the verbal consents that were obtained in this study. In addition, to strengthen the reporting of our study and manuscript, the authors have followed the guidelines presented by the STROBE statement. The STROBE checklist has been filled out and is given in the Supplementary data.
Results
Socio-demographic characteristics and some health behaviors of Saudi women respondents are presented in Table 1 . The largest group of women were between the ages of 15 and 24 years (39.8%), currently married (49.4%) and had completed elementary or high school (46.2%). The results show that 22.4% of women received a routine medical exam within the last 2 years, and 73.8% self-rated their health as excellent or very good. However, 46.5% of women do not perform any form of physical activity.
The prevalence of hypertension among Saudi women was 12.5%. Age and last routine medical exam were associated with women being undiagnosed with hypertension, or having borderline hypertension or being hypertensive ( Table 2 ). The risk of being hypertensive was higher among women who were separated, divorced or widowed (AOR ¼ 1.64; 95% CI: 1.1 -2.4), were obese (AOR ¼ 2.2; 95% CI: 1.6 -3.0) and had Age was used as a continuous variable through the logistic regression and AOR for age are reported for an increase of 10 years.
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never received a routine medical exam or had last received one prior to the last 2 years (AOR ¼ 1.8; 95% CI: 1.3 -2.4). On the other hand, women with a college degree or higher have are less likely to be hypertensive (AOR ¼ 0.6; 95% CI: 0.4 -0.9). 52.9% of hypertensive women were undiagnosed (Fig. 1) . The prevalence of diabetes among Saudi women was 11.7%. Age, marital status and self-rated health were strongly associated with being borderline diabetic or diabetic. Women are more likely to be diabetic if they are older (AOR ¼ 1.0; 95% CI: 1.0 -1.1), separated, divorced or widowed (AOR ¼ 1.9; 95% CI: 1.1 -3.3), self-rated their health as poor (AOR ¼ 2.3; 95% CI: 1.4 -3.9) and have never received a routine medical exam (AOR ¼ 1.7; 95% CI: 1.1 -2.7) ( Table 3) . A large proportion of diabetic women were undiagnosed (48.4%), and 27.8% of those receiving treatment had uncontrolled diabetes (Fig. 1) .
The prevalence of hypercholesterolemia among Saudi women was 7.3%. Women who watch 5 h of television or more daily were twice as likely to be borderline hypercholesterolemic (AOR ¼ 2.1; 95% CI: 1.0 -4.1). Moreover, women who self-rated their health as good (AOR ¼ 1.7; 95% CI: 1.1 -2.7) or poor (AOR ¼ 2.5; 95% CI: 1.3 -4.6) were more likely to be hypercholesterolemic (Table 4) . 68.9% of women who have hypercholesterolemia were undiagnosed (Fig. 1) .
33.5% of women in Saudi were obese, while 28.0% were overweight. Age, marital status and current smoking status were associated with being overweight or obese (Table 5 ). The risk of being obese was higher among women who are current smokers (AOR ¼ 1.9; 95% CI: 1.1 -3.5), perform low levels of physical activity (AOR ¼ 1.3; 95% CI: 1.0 -1.7) and rate their health as being good (AOR ¼ 1.3; 95% CI: 1.1 -1.7). Separated, divorced or widowed women were more likely to be hypertensive, diabetic and hypercholesterolemic compared with women who have never been married, who are less likely to have any of these conditions (Tables 2 -5 ). In addition, educated women were more likely to have received a routine medical exam within the last 2 years, be diagnosed with hypertension and have had a mammogram in the past 2 years (Table 6 ).
Discussion
Main finding of this study Women in KSA have higher prevalence of risk factors than most developing and some developed countries (for example, Iran, Turkey and USA). 19 In our study, we found that obesity, diabetes, hypertension and hypercholesterolemia are alarmingly widespread. In addition, there are high rates of undiagnosed and borderline conditions. These findings are concerning, as Saudi's population is young: 78.3% of women are under the age of 40. 20 The burden of these NCDs is likely to increase with the growth and aging of the population. Indeed, if unchecked and not prevented, this trend will overwhelm the country's health system in the near future. Hence, prevention and early detection should be prioritized to improve health in the Kingdom.
What is already known on this topic
While women and men have similar health challenges, the differences are impactful and deserve special attention. The adverse impact on health of low socioeconomic status is amplified for girls and women due to gender inequalities. Gender inequalities in allocation of resources such as income, education, healthcare access and political influence are strongly associated with poor health.
21 Although women's political voice, for example, is growing in most of the world, men still exert political control in most societies; therefore, they wield social and economic control by extension. 22 Employment ratios are significantly higher for men than for women with a gender gap that ranges from 15% in developed regions in the world to more than 40% in South Asia and in the Middle East and North Africa. 23 Since women are less likely to be a part of the labor market, women lack job security and access to other benefits including healthcare. Furthermore, women's health may also be at risk due to their traditional family responsibilities. For example, women prepare most of the food for their families using solid fuels for cooking and Age was used as a continuous variable through the logistic regression and AOR for age are reported for an increase of 10 years. Age was used as a continuous variable through the logistic regression and AOR for age are reported for an increase of 10 years. Age was used as a continuous variable through the logistic regression and AOR for age are reported for an increase of 10 years.
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consequently women suffer often due to exposure to indoor air pollution. 24 The KSA has made pronounced improvements over the years to better the health and lives of women living in the Kingdom. The mean years of education among women aged 25 years or older has increased from 1.9 years in 1990 to 5.0 years in 2009. 25 At about the same time, infant mortality ratios declined from 44.4 per 1000 live births in 1990 to 12.0 per 1000 live births in 2013. 8 Indeed, women's education has been previously associated with a decrease in infant mortality and this increase in education in the Kingdom should translate into better health awareness and health status. 25 Moreover, the life expectancy of women increased from 74.7 in 1990 to 80.8 in 2013, while the life expectancy of men increased from 71.7 to 75.0. 8 This increase in life expectancy is probably associated with the decrease in the burden of infectious diseases in the Kingdom, showing that the Ministry of Health should be able to deal with the rising challenges of NCDs.
4
What this study adds This is the first nationally representative study to report on the health of women in the KSA. We found similar patterns of NCDs among women in KSA to those reported previously for men. 10 -12 Moreover, while women are doing better than men on some indicators such as their current smoking These findings are of great importance as women in Saudi cannot drive and need the presence of a male relative to reach a health facility. Our study showed that women need to improve their health behaviors in order to reduce the burden of NCDs in KSA. Saudi women need to adopt a healthier lifestyle to improve their health and reduce the burden of NCDs. Our results show low levels of physical activity and low intake of fruits and vegetables. Lack of physical activity is strongly associated with increased risk of NCDs and their complications. 26 Our study calls for increasing physical activity among the Saudi women to fight the emerging burden of NCDs, mainly resulting from the shift toward Westernized lifestyle that paralleled the Kingdom's economic growth. 9 Programs to increase physical activity should take into account the culture and weather in the Kingdom. As work and education are segregated in KSA, they should include facilities to allow physical activity during school and work hours. Indeed, women need to be role models for their families and colleagues by leading healthier and more active lives. It is important to mention that our finding of a negative association between moderate and high physical activity and obesity is strange. However, this is a cross-sectional study with face-to-face interviewing, hence it is possible that overweight or obese women over-reported their activities to our interviewers or have increased their level of activity as a result of their weight gain. Irrespective of the association between physical activity and weight gain, physical activity is an independent risk factor for several chronic disease and should be increased. 27 Our findings revealed low rates of smoking among Saudi women. This is welcome news and must be maintained. Women tend to smoke more in other Arab and Islamic countries. For example, more women in Turkey and Lebanon smoke cigarettes, 15.2 and 29.8%, respectively, compared with 1.1% in Saudi. 13, 28, 29 Saudi women should be discouraged from following these trends and encouraged to veer away from adopting high-risk health behaviors such as smoking.
Our study showed that younger and single women have a better health profile. This may in part be a reflection of how the Saudi society views women's image and desirability. Older and married women might feel less pressure to keep up with a certain image and hence may care less if they gain weight. Saudi women should view their health the same way, irrespective of age or marital status. Maintaining a healthy weight and low-risk profile for NCDs should not be viewed as a body image issue alone, but as an investment in their longterm health. The KSA Ministry of Health (MOH) should develop and implement age-appropriate interventions to maintain the health of women in all age groups.
Our results call for national programs to prevent and control NCDs, specifically diabetes, hypertension and hypercholesterolemia. Women need to be involved in the design and makeup of these initiatives. Women of all ages need to champion the idea of better health not just for their families but for themselves as well. Essential screening campaigns to detect borderline and undiagnosed conditions at early stages, so that proper preventive measures and treatment can be initiated, need to be a priority for the Ministry of Health. The Ministry of Health should consider developing a program that encourages female community health workers to make routine visits to households in their community to encourage checkups and follow-up on patients' medical needs. These health workers would be linked to local health facilities so that when the workers visit a household, they know the exact health status of the individuals in the house and can accordingly ask appropriate questions and give proper advice. Community health workers can educate women-and hence their families-on the importance of lifestyle changes and adherence to their medication regimens and recommended treatments, in addition to measuring and monitoring some chronic conditions at the time of the visit, such as blood pressure. 30 This way, community health workers will act as liaison between the healthcare system and the community, thereby facilitating access to health services and improving the quality and cultural competence of service delivery. 31 Empowering women to make healthier choices starts and ends with the support of their families and society. We see women in Saudi taking great leaps to advance in their careers with the support of their communities, and we need to strive to see the same when it comes to advancing women's health in the Kingdom. Women of all backgrounds need to be empowered not only to speak up about their health disparities but also to be a part of the solutions. Investing in the health of women is vital for any community; after all, they are our mothers, wives, sisters and daughters.
Limitations of this study
Our study has some limitations. First, our data are crosssectional, and hence we cannot assess causality. Secondly, many of our behavioral data, such as physical activity, are selfreported and subject to reporting and social desirability biases. On the other hand, our study is nationally representative, is based on a large sample size and used a standardized methodology for all its measures.
Conclusion
Our study revealed that women in KSA have high rates of NCDs. We found that obesity, diabetes, hypertension and hypercholesterolemia are alarmingly prevalent, in addition to high rates of undiagnosed and borderline conditions. Our results call for national programs to prevent and control chronic diseases, specifically diabetes, hypertension and high cholesterol. Women need to be involved in the design and makeup of these initiatives. Women of all ages need to champion the idea of better health, not just for their families but for themselves as well.
Supplementary data
Supplementary data are available at PUBMED online.
